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0 High heat conductive insulated substrate and method of manufacturing the same. 


® A high heat conductive insulated substrate comprising a substrate of which heat conductivity is not less than 
50 W/m«k. and a high heat conductive insuiasrg layer ccarec on the substrate; and a method of producing a 
. high heat conductive insulated substrate characterized in that an insulating layer is formed on a sut>strate by 
applytng DC voltage and RF power to the substrate and providing magnetic field parallel to the surface of the 
C^substrate. 

The insulated substrate of the present invention has good heat conductivity, thermal resistance and smooth 
^surface, whereby exfoliation of the film can t)e prevented. 

'dOOOOO^ 1| — -I 


CO 

tn 


CM 
CM 



J 2 

I 



Q. 


0 221 531 ♦ 


HIGH HEAT CONDUCTIVE INSULATED SUBSTRATE AND METHOD OF MANUFACTURING THE SAME 


The present invention relates to a high heat ccnductive insulated substrate and a method ormanufactur- 
ing the same. 

The packaging density of semiconductor devices has become high with the size, degree of integration 
and output of electron circuit become small, high and large respectively by the development in IC - 

5 (Integrated Circuit). LSI (Large ScaJe integration), and the like. As the degree of integration, output and 
density of semiconductor devices become high or .arge. the number of devices per one chip becomes large 
year by year, whereby the calorific value per one chip increases. There is strongly desired a material for 
package having high heat conductivity, because 'Jie increase of caiorific value has a significant influence 
upon the reliability of semiconductor devices. Further, in the case of hybrid iC, heat-generating parts are 

10 disposed in the same package, so there is reqisirec rign r.eai ccnductive .r.sjiaiec substraie in order to 
make the packaging density stili higher. Still further, in consiceraticn of actually mounting devices on the 
substrate, the substrate preferably has coefficient c: trermal excansion sir^.^a; tc these of devices, other 
material constituting package and circuit substrates, and enabies chips tc be bonoed directly on the 
substrates. 

75 As a substrate which satisfies the above requirements, there has been proposed a ceramic substrate 
made of At + AtjOa, cr/stailine SiC, 2eO. AlN anc the like: or an enamel substrate obtained by covering 
metal substrate with ceramic. But the above subsn-ates are ail excensive excect an enamel substrate. The 
substrate made of BeO has toxicity. The substrate made of crystalline SiC has a problem that the dielectric 
constant thereof at high frequency is arge. i.e. it :s aoout 40 a: .: MHz, because 3eO Js used as an auxiliary 

20 for sintering in crystalline SiC, F-^nher, tne subsrate made :f A: * Ai,C, nas prcoiems that the heat 
ccnductive property and thermal -es:stanc3 are r^L^nician:. :ec2L£e the zzer'.zien: zi iirear expansion or 
the substrate is large and insuiatirc crccer:\' -f ^l:Cz :s .r. s-crr, therecy eccxy ccating 's required :o 
compensate these arawoacks. In the case of cheao enamet sucstrate. it has crcoiems thai the coefficient of 
iinear expansion thereof is targe and heat ccncuctive zrccerr/ -s peer. A:N -as peer staeiiir/ to water or 

2S alkali. 

Recently, there have been produced cartxin fiims having nigh nardness ecmpnsing diamond, diamond- 
tike carbon, i-carbon and the like by means of ion beam vacuum evaooratlcn method, ion beam sputtering 
nrtethod. CVD method, piasma CVD method, and tne iike. Tr.e fiims have been taken notice of as hard 
insulating materials. 

30 The term "diamond-like caroon" means a film wherein (!) ciarr.cnd and arr.erchous carton. (2) diamond 

and graphite, or (3) diamond, graphite and amorphous career ^.-e .T.ixed. 

in case of producing earcon fiims having high naraness by r.eans of piasma CVD metrcc. and the like. 

carbon fiims having hign hardness are deposited on a substrate cy plasma decomposing a mixed gas of 

hydrocarbon compound and H„ or inert gas such as Ar or He. 
35 The carbon film obtained by the above manner has large internal stress anc selectivity to the substrate. 

That is, it has good adhesive propery to a substrate eompris:,rg crystalline s;iicon, diamcna. W. Mo, CuW 

and the like. However, it has large internal stress and small adhesive strength tc a substrate comprising 

widely-used SUS (stainless steel). Al. Al arroy. Cu, Cu arroy, Ni. Zn. Zn arroy, whereby the exfoliation 

takes place to shorten the life of the film. Tnat is, in general, 7\e careen film, is easy to exfoliate in the case 
40 of a substrate made of At, Cu, Cu aroy, stainless steel, and ±e iike having large coefficient of thermal 

expansion. On the other hand, it is hard to exfoliate in the case of a substrate made of crystalfine silicon, W. 

Mo, CuW and the like of which coefficient of therm.ai expansion :s accroximate tc that of diaincnd. 

Diamond has been utilized as a .material for a heat sink used in semiconcuc:or devices for large power, 

microwave oscillating devices and VLSI, because diannond has high heat conductivity arrd good insulating 
45 property. . / . - 

However, in case of producing a ciamond-made thin film in practice, there are generally deposited 

amorphous carbon and graphite besides diamond when forming the film by rr.eans of vapcr deposition. 

whereby the growth of diamond is disuirbed. Further, thus obtained thin film has a polycrystailine structure. 

- - - --J— - — • — ^.ti. .iw — -.i -.^^wwCfw iit i.-.o 

50 above manner is very poor in insulating property, oarticularly in dielectric breakdown. 

There are hereinafter explained problems concerning a conventionai thin fitn mace of diamond and/or 
diamond-like carbon produced by several kinds of vapor phase growth methods. - 

(!) In the case of heat filament CVD method, a ^Jngs^en "eater which '"est a substrate "s heated up *o* 
about 20O0'C, accordingly large arrvxiht of tungsten is vapored, causing a probiem thai the tmgsten heater 
is exhausted for a short time and become easy to cut. Further, there is generated graphite-fike portions 
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because of the nonuniformity in temperature caused by a change with the passage of time of the tungsten 
heater. Thereby, there is a problem that it is difficult to form a film composed solely of diamond in case of 

producing i thir 'i!n ^^avirg large area, 

(2) In the case of fon beam souttering method or ion plating method, the obtained thin "film has 
5 problems :hat :ne eiec:r:ca; 'esistivity ct :ne fiin ;s towered ana tnereoy :ne irssLiiaiirg crcDerry thereof 

becomes tnsufliaent. because the aocve-mentioned amorphous carbon or graphite except diamond de- 
posrtes in the thin film, 

(3) In the case ci microwave CVD method, it is necessary, as described below, to add H, to reaction 
gas in order to generate hydrogen radical to remove amorphous carbon or graphite generated in the thin 

10 film. That is. it is necessary to dilute CH.. which is a raw n^ateriai gas. with H, to lower the concentration of 
CH. to not more than i %. whereby the veiocny of forming a thin film is limited. Fuaher. in case of making 
an area of the film formed on the substrate large, there is caused a problem that graphite is formed due to 
nonuiformity of the concenrration of hycrogen radical. 

When producing thin fiims mace cf diamond and/or aiamond-like carbon in such manners as described 

75 atKDve. it is necessary to etch amorphous carbon or graphite formed in the thin film with hydrogen radical, 
and the like. 

However, in practice, the concentration of hydrogen radical, and the like is act to become nonuniform 
:nrougncu; ;r.e sunace c: :ne sucsrraie wnen. :cr instance, rorming a tnm film mace ot ciamcna anaor 
diamond-like carcon oh a siiiccn sucstrate. Therecy. amcrphcus carbon or grachite is iocally 'ormed to 
20 reduce the insulating procerry. Every film obtained by the above methods has polycrystalline structure. It is 
imoossibie to use suosraies coated wth :hese films as hign heat conductive insulated substrates, because 
tne formaticn cf grapnite a: :niergranuiar :s L;navc:cat::e and therecy sufficient irsLilarng crcoery canncc oe 
obtained. Further-.-at preserit it :s :mpcss:cie to use the aocve films as insulating films.' ih case cf producing 
films having large area. 

25 Further, there have oeen empicyed fiama-coated suostrates as metal base suostrates. out these 
substrates nave ocor surace sm^ccthr.ess. it s imccssibie tc fcrrr. ciancnc, c:amcnG-like caroon cr SiC 
each having high heat concuctivity on a metai substrate by means of flame coating technique at present. 

it nas been reported :c form aiamcnc or diamond-tike cartx3n on a crystalline silicon suDstrate. Mo 
substrate. W substrate or diamond substrate by means of ^n beam method, plasma CVD method, thermal 

30 CVD method, electron beam CVD method, and the !ike. But there has not yet been reocrted tc form 
diamond or diamond-tike cartsoa on Ai substrate, A I -Si suostrate, Cu sucstrate, Cu arrcy substrate having 
high heat conductivity, wnicn are used widely and cneao. 

The present inventicn was mace to soive -tne aocve prcoiems a.nc an object thereof is to prcvice a high 
heat conductive insulatec svcstraie and a methoc of m.anufactunng the same. That is. an ooject of the 

35 present inventicn is tc Ofcvice an insulated substrate whech do not have drawbacks of the conventional 
substrate such as A IN. crystaiiine SiC and 5eO. !,e. the sucstrate or tne present irrventicn has coefficient cf 
linear expansion closery aicr to that of rr.atenai constituting package such as aev»ces, or circuit substrates: 
good heat conductivity and thermal "-esistance; smooth surface; and is able to produce circuits having thick 
fiims. 

40 An another object cf the present irwention is tc solve the above probiem of e^doiiation, tc increase the 
adhesive strength, to reduce the intemai stress ar>d to increase the aeposition vek^cit^/ of hare carbon film.s. 

A further object of the present invention is to provide a high heat conductive insulated substrate 
comprising muttiiayer fiims. wnich has supenor insuiating property and high heat conductivity. 

In accordance with the present invention, there is provided a high heat conductive insulated substrate 
45 comprising a substrate of which heat ccnductivTty is not iess than 50 W/m«k, and a high heat conductive 
insulating layer coated on the substrate, and a method of producing a high heat conductive insulating 
substrate characterized in that an insulating layer is formed on a sut^strate by applying DC voltage and RF 
power to the substrate and providing magrietic field parallel to a surface of the substrate. 

Fig. I is a view explaining a plasma CVD apparatus used in oroducing an insulated substrate z' t'^e 
so present invention; 

Rg. 2 is a graph showing that Vickers hardness of deposited film is different in the case of applying 
RF power and apciying -^c nF power, ar>d depending on applied voltage when prccuc:r; an insuiating layer, 
comprising hard carbon of the present irwention; 

Fig. 3 is a graph showing that adhesive strength of a deposited film is different in the case of 
55 applying RF power and apptytng no RF power, and dependif^g on applied voltage when producing an 
insulating layer comprising hard carbon of the present invention; 

Figs. 4 tc 5 are graphs showing ^le reiationsnjps of Siiicon 0,::..=..; u/.c ric-w.i r.arcness, acjiesive 
strength and internal stress, respectively; 
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Fig. 7 is a sectional view showing a structure of an insulating layer in a high heat conductive 
insulated sut>strate of the present invention wherein the insulating layer comprises a muttilayer film; 

Fg. 8 is a schematic view explaining an apparatus for producing a high heat conductive insulated 
substrate shown in Rg. 7 using plasma CVD method; - - - 

5 Fig. 9 is a sectional view showing a structure of high heat conductive insulated substrate of the 

present invention ivnerein an inieriayer is inierposea oetween a suostraie ana msuiaung layer; 

Rg. 10 is a view exolaining an apparatus for producing a high heat conductive insulated substrate 
shown in Rg. 9; 

Rg. it is a view explaining a plasma CVD apparatus used in producing an insulating layer comprising 
70 hard cartxn of the present invention; and 

Fig. 12 is a view snowing measured results of dielectric breakdown of samples A. 3 and C 
corresponding to Examples 21, 22 and 23 respectively in Table 4, and of a film produced by conventional 
rr.ethcc. 

An insulated substrate of the present invention, in case of employing crystalline silicon as a substrate, is 
75 hereinafter explained, in tne present invention, the term "silicon substrate" means a substrate comprising 
single cr\'stalline siliccn or ooiycrystalline silicon having heat conductivity of not iess than 50 W/m«k, and 
having a snape. for instance, of iO to 200 mm0 or 10 to 200 mm and a thickness cf 0.1 to 2 mm. 

in iTie present invenucn. at ieast a part of the surface of the above substrate is coated with a high heat 
ccncuctive insulated layer. 

20 The exoressicn "at least a part of the surface of the substrate is coated" means that at least desired 

oarl is ccated. Therefore, the rate of a coated part to the whole surface of the substrate is not limited, i.e. 

•.ne wncie s*jrface cf ire sucstrate mignt be coated, cr cniy a small parr thereof rtight be coated. 

. ... Examoies cf a matenai to form a high heat conductive insulating' layer of not less than 50 W/m»k. 

creferaciy not less than !00 W/m»k include, for instance, diamond. diamond-Mke carbon, silicon carbide. 
25 amcrcncus siiicon carcice, c-BN. h-BN and A IN. Using at ieast one of these matenais, there is formed an 

insulating .aye: raving orererably a thickness of ! to 50 J.m. more preferably a thickness of 2 to 20 um. In 

case of xrminc an insu:a::ng layer using not iess than two kinds of materials, the insulating layer might 

-^ave a ccmciex srucrjre. 

In case cf using diamond-like carbon to form an insulating layer, it is preferable that the diamond-like 
30 carbon contains net m.ore than 9 atm % of at least one of silicon and Ge atom, since the obtained layer has 
pnysicai orcperties cicse to diamond, i.e. has small internal stress and large adhesive strength. The more 
oreferacie content range :s 0.! to 4 atm %. When an amount of silicon or Ge in the film is more than 9 atm 
%, the heat conductivrty is lowered. 

Though the details with respect to the above effects caused by a very sm.ail amount of Si or Ge are not 
05 clear at oresent, it is considered that sp^ orbit of Si or Ge functions effectively in the nucleaticn of diamond. 

in case cf using amorphous silicon carbide to form an insulating layer, amorphous silicon carbide 
- preferably contains not more than 30 atm %, more preferably 0.1 to 10 atm %, of at least one of hydrogen 
atm and elements of halogen group, to obtain high heat conductivity. 

Tne accve irsLiatirg 'aye'' -s o^eferably used in an -rs-jfated sutsfste Zrz~ ~=- --^ 
40 usually eiectrical resistivity of not iess than 10* Q»cm and thermal resistance of not less than 20 V/um. 

Next, there is explained a method of producing a high heat conductive insulated substrate of the 
, i:ier.: nveniicr, ,s;ng :r.g accve-mentioned crystalline siiicon substrate. 

Method of forming an insulating layer on a single or/stailine cr pctycrystaiiine siiicon substrate is not 
particjlarty limited in the present invention, that is, any method can be employed as far as the insulating 
45 layer comprising the above materials is formed. 

Concrete examples of the above method include, for instance. DC discharge plasma CVD method. RF 
discharge plasma CVO method, mixed plasma CVD method of DC discharge and RF discharge and mixed 
plasma CVO method of DC discharge and RF discharge having magnetic field falling at righ angles with 
-eiectric field. These methods are employable in forming insulating layers comprising diamond, diamdnd-iike 
50 cartxsn, silicon carbide, amorphous silicon carbide, cubic BN. hexagonal BN. and the like. It is preferable to 
emptoy a mixed plasma CVD method of DC discharge and RF discharge having magnetic field falling at 
right angles with electric field in forming an insulating layer comprising diamond, diaimond-like carbon, 
siliccr. carbide or amcrphcus silicon carbid. because there can be produced a film having good crystalliza- 
tion arMj heat conductivity. 

35 When producing hign heat conductive insulated substrates by means of mixed piasma CVD method of 
DC discharge and RF discharge having magnetic field falling at right angles with electric field, there can be 

used, fcr example, an apoaratus as shown in Rg. I. T^at is. a substrate ^ comprising single crystalline 

silicon or pciycr/stallire siliccn is set in the apparatus en :he side cf a " clcsirg electrode 2. DC voltage 
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of. prefeably. -150 to -600 V is applied to the substrate through a ratio frequency choking coil 3, and RF 
power of. preferable 100 to 400 W (140 to 560 mW/cmO is applied to the substrate. Pressure in the reaction 
chamber and substrate temperature are preferably 0.1 to 20 Ton' and 200 to 350*C. respectively. Magnetic 
field g of, preferably. 100 to 1000 gauss is provided parallel to the surface of the substrafe: Numeral 4 is a 
5 gas inlet. 

The substrate of the present invention produced in such a manner as described above has heat 
conductivity of not less than 50 W/m«k, preferably not less than 100 W/m»k: surface Vickers hardness of not 
less than 500. preferably not !ess than 1500 and Tiore preferably not less than 2000; eiectricai resistivity cf 
not less than I x IO*Q»cm. which varies depending on the kind of an insulating layer; dielectric constant at I 

10 MHz of not more than 20 (in case of silicon carbide, dielectric constant is not more than 15); and dieieca-ic 
loss at I MHz of not more than 0.02. 

Further, the insulated substrate is suitable for material of hybrid IC substrate for thick film circuit which 
requires high temperature treatment, since single crystailir>e silicon or Doiycrystalline silicon sucstrate is 
used as a substrate to form an insulating layer thereon. The insulatec sucstrate is very stable tc acia and 

75 alkali. 

The insulated substrate of the present invention, wherein a high heat conductive insulating layer is 
formed on a single crystalline or polycrystalline silicon substrate, is employable as a hybrid IC substrate or 
^ -o-n>Q j^a^iQ freauency high cower transistor, because *^e -^S'jiated SLTsrate cf t^e present 
invention has hign neat ccnauc:iv!ty and low aieiectnc constant. 
20 Next, there is explained insuiated suosirate wherein a substrate cdn-.crises nrjatec cr oxicizec 
crystalline silicon. The employable substrates are the same as crystalline silicon substrates described 
above. 

Crystalline silicon usee for substrates might be metallic, or cooec :nto :>-tyo€ cr n-type. in case of 
forming through holes on the substratejt is prefeable that they are formed before the substrate is nirratec or 
25 oxidized from a viewpoint of improving the insulating property of througn hole oorJon. 

In the present invention, at least a part of the surface cf nitratec cr cxicirec subsrate is coatee witr a 
high heat conductive insulating layer. 

The nitration or cxiciation of crystalline silicon substrate is carrrec cut n order :c cbtain uniform anc 
fine insulation, and strong adhesive strength to the insulating layer coatee cr. tne substrate after nitration cr 
30 oxidization. The depth of nitration or oxidization from the surface of a substre s preferacly at least O.l li.ti. 
more preferably 0.5 um. On the other hand, from a viewpoint of prevenang the strain of internal rj-ess in 
nitrated or oxidized layer, or cracks caused by the strain, a thickness cf nitrated or oxidized iayer is 
preferably not more than 5 um. 

In case of nitrating or oxidizing crystalline silicon substrate, there can be emoicyed a ccnveritionai DC 
35 discnarge method, for example RF discharge method using ratio frequency of aocut !€0 KHz tc 50 MHz. cr 
microwave plasma discharge method. In particular, it is preferable to treat crystalline silicon substrate with 
plasma while biasing minus voltage to the sucstrate. because high reactivity and stror^ adhesive strength 
can be obtained. 

The expression "at least a part of the surface of the substrate is ccated" means that at least desired 

40 pan is coated. Therefore, the rate of a coated part to tne wnole surace cf T»e sucstrate is not limited. ..e. 
the whole surface of the substrate might be coated, or only a small part thereof might be coated. 

A preferable example of a material to form a high heat conductive "'nsulattng iayer of not less than 50 
W/m»<, preferably not less than 100 W/m«k is such that contains at ^east cne cf s:Ticon. germanium and 
cartx)n as a main component, i.e. not less than 30 atm %. The materiai migfit contain 0.1 to 30 atm % of 

4S hydrogen or elements of halogen group. 

(Concrete examples of the above insulating material include, for instance, hard careen materiai sucn as 
diamond, diamond-like CBrtof), silicon carbide and germanium carbide -w^cr are ciscrcsed in the soecifica- 
tions of Japanese Patent Applications No. 83137/1985, No. I79025/19ffi and No. 209620^85, and the iike); 
silicon-containing non single crystalline material such as silicon carbide, sificcn nitride, sificon germanium. 

50 silicon germanium cartwae, silicon carbide nitride, silicon oxide, silicon nitride oxide, siScon cartjide cxide 
(which are disclosed in Japanese Unexamined Patent Publications No. 82SS9/!985 and No. Il9784/!9e5. and 
in tr.e specification of Japanese Patent Application No. 187036/1984, and T^e like); c-BN; .*v5N; a:N: a.nc 5P. 
Using at least one of these materials, there is formed an insulating iayer having preferably a thickness of 
0.5 to 10 am, more preferably a thickness of I to 10 ixm. In case of fcrrr-rc an irsLlatinc 'ayer using net 'ess 

55 than two kinds of maienais. the insulating layer migh have a complex stnicajre. 
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In case of using diamond-like carbon to form an insulating layer, it is preferable that the diamond-like 
carbon contains not more than 9 atm % of at least one of sificon and Ge atoms, since the obtained layer 
has physical properties close. to diamond, i.e. has small internal stress and large adhesive strength. The 
more preferable content range is 0.1 to 4 atm %. When an amount of silicon or Ge In-theTilm is more than 9 
5 atm %, the heat conductivity is lowered. ^ 

Thcugh the details with respect to the above effects caused by a very small amoutn of Si or Ge are not 
clear a: present, it is considered that sp^ orbit of Si or Ge functions effectively in the nucieation of diamond. 

in case of using amorphous silicon carbide to form an insulating layer, amorphous silicon carbide 
preferably contains not more than 30 atm %. more preferably O.i to 10 atm %. of at least one of hydrogen 
70 atom and elements of halogen group, to obtain high heat conductivity. 

Anr.ong these insulating layers, a layer having eiectnc conauctivrty of not more than 10"' (fl^cm)"'. 
preferably not more than 10*' (0«cm)-\ more preferably not more than 10-' (Q«cmr\ and withstand voltage 
oi nc: iess than iOO V/um-is suitable for insulated substrate use. 

Next, there is explained a method of producing a high heat conductive insulated substrate of the 
•5 presen: invention, wherein a nitrated or oxidized crystalline siiiccn sucstrate is used. 

A T.ethcd oi forming an insulating layer on the surface of nitrated or oxidized crystalline silicon 
substrare is not panicuiarly limited. Any method is employable as far as an insulating layer comprising the 
accve-Tienticned rr.ateriai can te r'crnned. For exampie. SLicr; a metncc as :jescribed in the above Patent 
Publication or soecficiations is preferably employable, 
20 Ccncete examples of the above method include, for instance, DC ciscnarge plasma CVD method, RF 
discharge plasma CVD method, mixed plasma CVD method cf CC zlzzrarze and RF discharge and mixed 
plasma CVD method of DC discharge and RF aischarge having magnetic field failing at right angles with 
ejecT.c f;eid. Tr.ese methods are employable in forming insuianng .avers comorising diamond, diamond-like 
careen, siiiccn carcice, amorphous siiiccn carbice, cubic 5N. "lexagcnai 3N. and the like. It is preferable to 
25 amoioy a mixec piasma CVD metnoo of DC discnarge arc nF ciscnarge naving magnetic field falling at 
right argies with electric field in forming an insulating layer ccncrisinc aiamond. diamond-like carbon, 
silicon carcide cr amorphous silicon carbid, because there can be produced a film having good crystalliza- 
tion ar.c heat ccncuctiviry. 

When producing high heat conductive insulated substrates by means of mixed plasma CVD method of 

20 DC discharge and RF discharge having magnetic field failing at right angles with electric field, there can be 
used, for examoie, an apparatus as shown in Fig. 1. That is, a substrate I comprising single crystalline 
siiiccn zr polycr/stalline silicon is set in the apparatus on the side of a RF closing electrode 2. DC voltage 
of. 2rs:eaciy, -i5C to -5C0 V is apoiied to the sucstrate ihrougn a racio frequency choking coil 3, and RF 
power of, preferable !00 to 400 W (140 to 560 mW/cm^ is aopiied to the substrate. Pressure in the reaction 

J5 cnamcer and sucstrate temperature are preferably 0,1 to 20 Terr and 200 to 350'C. respectively. Magnetic 
r'ie:c B :f, creferaoiy iOO to 1000 gausses is provided parallel to the surface of the substrate. 

Triere can be employed ion plating method, duster beam method, thermal CVD method, ion vacuum 
evaccration method, and the like besides the above-mentioned nethcd. 

Tne substrate of the present invention produced in such a manner as described above has heat 

40 conductivity of about 120 W/m which is almost equal to that of single crystalline silicon; surface Vickers 
hardness or not less than 500, preferably not less than 1500 and more preferably not less than 2000; electric 
conductivity of not more than I x 10** (D*cm)-\ preferably not more than 1 x 10"* (Q«cm)-'. which varies 
depending on the kind of an insulating layer; dielectric constant at 1 MHz of not more than 20 (in case of 
silicon carbide, dielectric constant is not more than 15); and dieiecthc \ots at ! MHz of not more than 0.02. 

45 • Furtfier. coefficient of thermal expansion of the insulated substrate is almost equal to that of LSI or IC 
chips since crystalline silicon substrates are used in the present invention. Therefore, the insulated 
sutjstrate is suitably used for a material of multilayer substrate, or 10 substrate such as hybrid IC substrate 
for thidc film circuit requiring high temperature treatment since chips can be directly bonded on tiie 
substrate and the substrate can stand the heating at 800" C. Further, the insulated substrate of the present 
'so inventico is easy to be electroplated, vacuum evaporated, or sputtered by Cu or the like to obtain a 
substrate for wiring use. The substrate is still further very stable to add and alkali, and has good adhesive 
strer.cth to the insulating layer and high reliability of through hcies. 

Tr.e .r.suictec sucstrate of the oresent invention, wnerein a men neat conductive insulating layer is 
deposited on nitrated or oxidized crystalline silicon substrate, has very high electrical resistivity. The heat 

55 conductivity thereof is almost equal to that of Si. Furthermore, the undesirable exfoliation of an insulating 
layer does not take place even when the substrate is repeatedly heated. Si chips such as LSI and IC can be 
directly bonded on the substrate, since coefficient of linear expansion of the substrate is equal to that of Si 
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Next ♦Jiere is expianed an insulated suOdstrate wherein an insulating layer comprises hard carbon film 
containing 0.01 to 20 atm % of elements of group IVA. The film is deposited by a method using plasma or 

ion, 


AS a method of forming a film using plasma or ion. there can be employed, for instancfe^ ion beam 
vacuum evaporation method, ion beam sputtering method, sputterting CVD method, plasma CVD method 
and the :ike. However, method employable in the present invention is not limited to those described above' 
Among these methods, plasma CVD method is preferable, because an apparatus used therefore is simple 
and a film having large area can be obtained. In particular, it is oreferable to form a hard carbon film by 
means of DC plasma CVD method. RF plasma CVD method, mixed plasma CVD method of RF and DC or 
mixed plasma CVD method of RF and DC in which magnetic field falling at right angles with electric field is 
provicec on the substrate, while mixing a gas of compound containing elements of group IVA into a gas of 
comccurc ccr.-^r.ir.g carbon. These methods can be employed not only solely but also in joint use. 

Preferaoie examples of metal substrate employaole in the present invention include, for instance 
stainless steei: Cu: arroy of Cu and At. Zn. Cd. Ge, Ti. Ag. Si and the like: At: arrov of At and Mn, Mg' 
Mg-Si. S.. .Mg and the like: Ni; Zn; arroy of Zn and Pb. Fe. Cd. Sn. At; W; Mo; and WC. Among 'hese 
exmacies. sucstrates ,T,ace of widely-used stamiess steel. Cj. Cu arroy, A:. At arroy. NI, Zn. Zn ar.'oy are 
preferacie. cecause they are economical, easy to get, easy to work and moreover a substrate having large 

.^ar= ca/bcn Sims m tne present Invention contai.-i elements of IVA group. Examcles of elments of 
grouD .VA .r.ciuce. for instance. Si. Ge. Sn. Not less than two elerr^erts of these elements car be contained 
in the .'•.a.-s ::ar=cr. fiim. . nese elements serve to reduce internal stress in the film and to improve adhesive 
properr/ to metal suostrates. 

A -arc :2.'CC-..-iif-, ,n tne present invention contains 0.01 to 20 atm %. preferably 0.01 to 15 atm %. -ncre 
preferaciy O.Ol to iO atm %. still mere preferaoly 0.1 to 5 atm % and most oreferacly : -o 3 atm ^'o '^f 
2t elements of :VA grcuo. ' " 

When o.-ie ki.tc of element of IVA group is containec in the film, the preferable range of content is 0 01 
to 20 atm. % m tne case of Si. 0.01 to !5 atm % in the case of Ge and 0.01 to 15 atm "o r t.'-e case cf Sr.. 
When not less tr.an two kincs of elements are contained in the film, each content of element snould be net 
more than aac." .Taximum content and the total content snould be not more than 20 atm 

When the content of elements of group IVA is less than 0.01 atm %. the properties of the film are 
almost ecuai to those of a conventional hard carbon film and therefore there are caused the same problems 
°' 'orming a conventionai carbon film on metal substrate. On the other hand, wnen the 
-cnte-t ='er-e-;s :f ;rc-jc VA :s .T-.cre r.an 20 at.r, =.'o, tnere are causec srobiems cf reduction of 
adhesive suengtn. .nsulaung property and hardness, and of increase of internal stress. 

The oreferacie content of elemems of group IVA in the film varies deoending on the kinc and surface 
cond.t.c.i cf t.-e sucstrate. tne kind of elements of group IVA. and the like. For example, preferable content 
IS 0.01 to 0 atm % *nen Si is contained in stainless steei suostrate. 

Thcucn tne_ thicxness cf- hare carbon film is not particularly limited in the present invention the 
thickness of :0 a to ;00 am. preferably 20 A to 30 um is considered to be oroducible. because the film is 
*o producec =y a .-nethoc using plasma or ion. 

Examples cf components constituting hard carbon film in the present ' invention besides above- 
mentioned elements of group IVA include, for example, carbon, hydrogen used to form conventional hard 
carbon film, anc oxygen residing at the surface of the film. Each content in the film is about 0 to 20 atm %. 
preferably 0 to 5 arm % in the case of hydrogen, and about 0 to 5 atm %. preferably 0 to 0.1 atm % .n the 
45 case of oxygen. 

In case of using nuorine^ontaining hydrocarbon suc.n as CF.. CF,H, or CF,H without using hydrocarbon 
which !S generally jsed as carbon source and hydrogen source, there can be obtained a film containing 
both hydrogen and fluorine in the film. Further, in case of using chlorine-containing hydrocarbon such as 
CCt. or CCI,H,. there can be obtained a fiim containing both chlorine and hydrogen. .=rcrr, a viewpcir.t cf 
film hardness, a film containing solely hydrogen, or both hydrogen and fluorine is preferable, since the 
hardness ct the :lim containing chloride is small. A film, which contains chlorine of which content is not less 
than rive times more than that of hydrogen in the number of atoms, tends to cause, a problem cf e)ffcliaticr 
of the ".uT,. ' ■ " 

When Si arc Ge are contained in a hard carbon film, the content of Si and Ge are preferably not more 
55 than 10 atm. % and .-^ot .more than !0 atm %. respectively. 

When the content of Si is more than 10 atm %. or that of Ge is more than 10 atm %. the hardness of the 
film IS apt to icwer. as is depending on the content of other element of group IVA. 
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The above-mentioned hard cartjon film in the present invention Is generally made of diamond or 

diamond-iike carcon. The sunace Vickers naraness thereoi .s 5uO to iOOOO. preferably 1000 to 10000. and 
more preferably 2500 to IOOOO. The insulation resistance is 10* to IO"n«cm, preferably 10* to IO'*Q«cm. The 
adhesvie strength to metal substrate is 5 to 200 kg;cm^ preferatiy 20 to 200 kg.cm^The hardjrarbon film 

5 in the present invention is suitably used for the use in insulated substrates for electron circuit, wear-resistant 
surface coating, and the like. 

A hard carbon film in the present invention can be formed as an interlayer on metal substrate such as 
stainless steel in the thickness of 10 to 5000 A, preferably 20 to 2000 A, thereafter a carbon film containing 
substantially no element of group IVA can be formed thereon, in that case, due to the existence of the 

10 interlayer. there can be obtained good adhesion between the metal substrate and the interlayer, and 
ber-veen the interlayer and the carbon film containing substannaily no carbon. 

Si is not necessarily contained in the film uniformly, but the distribution thereof might be gradient, 
patterwise. That is, predetermined content have only to be contained in the film as a whole. 

Next, there is hereinafter explained a method of oroducing a hard carbon film in the present invention. 

75 A hard carbon film in *iie present invention is orooucec by 'fie reaction of a conventional mixed gas 
consisting cf gases of one cr more carbcn-containing compounds such as methane, ethane, ethylene, 
carbon tetrafluoride, acetylene and benzene, and H, or an inert gas such as Ar, He cr the like together with 
a very small amount of one or more gases selected from r:e group consisting cf gases of silicon-containing 
compounds such as SiH«. SitH». SiF,. SiCt.. SiH,Fy and SiH^: gases of germanium -containing compounds 

20 such as GeH*. Ge,H». Ger.. GeCl,, Gei-i^F, and Gei^,r; arc gases of tin-containing compounds such as 
SnH«, SnFjH,. SnFjH, SnC:. and SnF,H,. Of course. ;t is net necessary to control the amounts of carbon- 
containing compounds and inert gases 50 as to give the same conocsition as that used in the conventional 
rr.etncd of p/oducing a hard cartx:n filfTu . - • • - - ' ■ — - - 

There is no particular imitaticn cn tne ra:io of gas ccrta^nrg elements of grcjo IVA to the carbon- 

25 containing compound gas. Thus, the rat;c is opticr.a! as 'ar as ine producec hard carbon film has a 
precetermined composition. However. ;n orcer to give sucn creceiermined ccm.pcsiticn. the ratio of addition 
cf gas containing elements of group tVA ;s generally aocut O.COI to iO % , preferably about O.OI to ! % by 
volume. 

For example, when a gas containing elements of group IVA is added to carbon-containing gas in the 

30 above-mentioned proportion and the hard carbon ^im of the present invention is formed by plasma CVD 
method such as DC plasma CVD method. RF plasam CVD rrethcd. mixed plasma CVD method of RF and 
DC wherein magnetic field failing at nght angles with eiectric neic is providec on the substrate, the resulting 
.hard cartx)n film has IVA element content within the recuired range, good adhesive strength and small 
internal stress. The content of eiemems of group IVA in the carocn film can be easily measured by 5SCA. 

35 The formation of the hard carbon film might be carried out by usual plasma CVD method. However, 
when the substrate is disposed on the cathode, a vottage of V to -I kV is apolied to the substrate and 
DC plasma CVD method is carried out using the aoove gas. :t\e resulting film has greater hardness and 
higher electrical resistivity as comoared with the film orcducec ry the usual RF ciasrr=a CVD method. 

The detailed mechanism that the obtained film has good adhesive strength due to the existence of a 

40 very sm.ail amount of elements of grouo IVA without exfoiiaticn crcblems is not yet elucidated. However, it 
is considered that elements of group IVA contribute tc n'jc^eatcr to reduce the internal stress or improve 
the adhesive strength to the substrate. That :s. caroco, for exampie, has a mixed form of SP*. SP' and SP. 
and SP^ is predominated in the case of silicon, germanium and tin whereby silicon, germanium and tin 
retain SP' bond in the growth phase of the film to contribute to nucieation. 

45 A hard carbon film in the present invention can be procucec. for example, using DC piasma CVD 
method under the fcilowirg tonditicns: 
Reaction gas : OH* i to 50 SCCM 
SiH* 0.01 to I SCCM 

H, 10 to 500 SCCM , . . 

50 

Pressure in the reaction chamber : 0,i to 4 Terr 
Substrate temperature: rccm* temperature to 400 *C 
* Applied voltage : -200 V to -! kV 
DC current : 0.05 to 6 mA/cm' 
55 An another example of production conditions using DC plasma CVD method are as follows: 
Reaction gas : ChU 1 to 50 SCCM 
GeH, 0.01 to I SCCM 
H, 10 to 500 SCCM 
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Pressure in the reaction chamber : 0.1 to 10 Toor 
Substrate temperature: room temperature to 500 *C 

Applied voltage : -300 V to -2 kV . 

5 DC cun-ent : 0.14 to 6 mA/cm^ 

Further, when 14 to 200 mW/cm' of RF is added to the above DC plasma, discharging is maintained and 
kept stabte even when the insulating material is deposited on the substrate and the deposition velocity is 
increased, whereby the hardness of the produced film is also ir^creased as shown in Rg. 2. 

Rg. 2 snows the results obtained when 40 SCCM of CH*. 100 SCCM of H, and 0.1 SCCM of SiH. were 

TO adoed. a suostrate made of stainless steel is set on the cathode, and a voltage in the range indicated in Rg. 
2 is aopiied to substrate at a reaction chamber pressure of I Torr and a substrate temperature of 350 *C to 
aeoosit a carocn film on the substrate. The graph in Rg. 2 indicates that the Vickers hardness of the 
depcsiiea film ciffers depending on whether 100 mW/cm^ of RF is added cr net and that the film hardness 
vanes also cepending on the voltage appiied. A graph similar tc Rg. 2 :s ootained when GeH, is used 

IS msteao of SiH.. 

Rg. 3 IS a graph indicating that the adhesive strength of the f^im is also different depending on whether 
RF is acoed or not and that the adhesive strength also varies <^eoerKiir»g cn the voltage aopiied. 

r:gs. 4. 5 anc 6 are grapns snowing me relationship oetweer the VicKers nardness and silicon content 
in the film formed on the SUS substrate under the conditions set forth in Example 20 which appears 
20 nereinafter. tr.e relationship between the adhesive strength and silicon content in the film and the 
reiaticnsmp between the internal stress and silicon content in the film, respectively. From these graphs, it is 
aooarent that the introduction of silicon into the film results in a decrease cf internal stress and increase of 
'/Ickers narcness and adhesive strength. However, an excessively high siiic:cn content leads to a diminution 
of these effects. 

2S The jse of germanium or nn insteac of silicon also leacs tc results similar to those obtained with 
silicon, aitncugn the optimum contents of gerrr.anium or tin differs with different elements. 

F'om a viewooint of film hardness, witr: the DC vcitage bemg "^eic constant, the hardness is increased 
wnen a reactive gas sucn as methane ;s aiiuted with H, to a low concentration. Thus, when a hydrccart:cn 
gas such as methane is diluted with hydrogen gas to a concentration cf not more than 10 % by volume, little 

30 film grcwtn is ocserved unless a gas containing elements of grouo iVA such as SiH*. GeH« or SnH, is 
added. Cn the contrary, film growth is ot>sen/ed when plasma CVD is carried out with SiH*. GeH* or SnH, 
addec in a very small amount (about 500 oom basec on methane). Moreover, ;n this case, an exceedingly, 
high ftim harcness can be obtained. 

Whne lT.o foregoing description retates to the production ci Tie narc cartx}n film by the plasma CVD 

35 Tiethoc. the hare cart)on fiim of the present invention can also oe octained by other plasma methods or by 
the method of forming films utilizing ion beams 

For examole, there can be employed reactive spunenng m.etfxx: using graphite as a target and piasma 
of a mixed gas consisting of a gas containing a very small amount etements of group IVA and an agron gas, 
reactive ion beam sputtering method, and ion beam vacuum evaocration methoo. 

40 Tne accve-mentioned hard carbon film in the present invemicn small internal stress, is free of 
exfoliation proolems, hard, good in electncai insulation property and shows a good adhesive property to 
metai sucstraies. Therefore, wnen appiied to widely-used substrates rr.ade of stainless steel and the like, 
the fiim in present invention is suitable for insulated substrate for eiectronic drcuit, wear-resistance coating 
and other appiications. 

46 Next, there is explained a high heat conductive insulated substrate wherein a insulating layer comprises 
a multitayer film in which a layer of diamond and/or diamond-like carbon and a layer of silicon carbide are 
accumulated in tum. 

In the gas-phase growth method used in the formation of the irtsufatir^ layer in accordance with the 
, present invention, the kind of a substrate on which a film is formed is an important factor. Of course, a 

50 diamond and/or diamond*iike carbon film can be formed on a damond sut^strate. It is also possible to form 
a diamond Bna/cr diamond-like carbon film on a silicon carbide or tungusten substrate which tends to form 
the corresocnding carbide. In such cases, if amorphous cartxjn cr graphite is precipitated as mentioned 
r-eraiuMefcre. a riamcnd ar.oor oiamonc-iike fiim car, -a'cty ce cepcsnec Tiereon. Therefore, it is difficult 
to form a thick and uniform film cf diamond and/or ciamoric-^ike carton. To avoid this problem, in the 

55 present invention, a very thin insulated film of silicon carbide is formed on the top of a very thin film of 
Ciamcnc anocr otamond-iike cartx)n and such alternating layers a^^'e rormed to give a multilayer. The silicon 
carbide film not only seves as an insulating layer but 'acilitates t:^ formation cf diamond and/or (diamond- 
Mke carbon layers. This is because the preservation of SP borxls of stEcon carbide prevents precipitation of 
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an SP* bonds-containing -graphite layer on the silicon carbide layer. Generally in the gaseous phase 

ciamond growth method, there is a problem that graphite is once formed, a further amount of graphite is 
deposited on the layer. However, in the multilayer film in the present invention, even If graphite is formed 
locaJly. the formation of a graphite layer is prevented by the overlying silicon cartnde layer Moreover. 

fcsca-jse of the multilayer construction, no intergranular exist in the iayer so tf^at the dielectric breakdown 
voltage is increasd and there is no decrease of thermal conductivity due to interg^anula^ ^lerefcre, even 
when the film surface area is increased, a high heat conductive insulating film having superior dielectric 
characreristics can be obtained. In regard to thermal conductivity, too. thermal conductivity equivalent to 
that cf diamond can be obtained because silicon carbide is highly heat conductive and thin. 
0 Tne multilayer insulated substrate having high heat conductivity according to the present invention has 
a strucoire as shown in Rg. 7. 

in Rg. 7, multilayer, high heat conductive insulated substrate 75 is composed of substrate 71 and 
rr,urj;ayer fiim 74. Any materials can be used as the substrate materia! so long as they have a heat 
cor^ucuvity of not less than 50 W/m»k. Representative examples of the materials used for the substrate 
5 are. "'or instance, silicon, aluminum, silicon carbide, tungusten, an aluminum alloy, copper, cocoer alloy, and 
±e .ike. Silicon, aluminum, silicon carbide and copper are preferred. A layer 72 of diamona anocr ciamona- 
iike careen (hereinafter referred to as "diamond layer") is formed on the substrate 71, and a siiiccn carbide 
iayer 73 is formed on the diamond iayer 72. Funher. on the silicon carbide layer 73, the layers 72 and 
layers 73 are alternately formed in that order, thus providing a multilayer film 74 composed of the ciamond 
0 layers 72 and silicon carbide layers 73 on the substrate 71. The thicknesses of each diamcnc iayer 72 and 
eac.1 Silicon carbide layer 73 vary depending on fitm-forming conditions. Usually, the thicxness of the 
d'arr:cnd layer 72 is from 10 to 2,000 A, and the thickness of the silicon carbide iayer 73 is ^crr 0 to i.OOO 
A,.creterably 10 to 300 A. For the film-forming conditions which are apt to deoosit graohite. it is cesirabie to 
rc.TT. T;e diamona layer 72 tnin. In case of tne film-fcrming conditions whicn are hard, to ceccsi: graonite. 
5 the •j^:cxness of the diamond iayer 72 might be thick. It is preferable that the silicon carcice -ayer 73 is as 
tfm as possible, but it is required to have a thickness of at least 10 A. since effects prcducec by providing 
the silicon carbide layer are not obtained. In case of microcrystalline silicon carbide or amcrrrcus silicon 
Z2rc'C6, silicon carbice cf the 'crrriula: Siu/Cywherein X z rem Q :c 0.S9. -3r. C8 'jsec. :t "S issiracie r.at 
the average value of X in the layer is from 0.1 to 0.8. especially from 0.4 to 0.6. 
-0 Tne reason why silicon carbide, diamond and diamond-like carbon are used as the comccnents of the 
muttilayer insulation film 74 is that they have very high heat conductivity. 

Tne thickness of the multilayer film 74 varies depending on the insulating property 'ecuirec in the 
irtenceo uses, la general, itis from, 1,000 A tc 20 am. 

!t is preferaoie ihat the multilayer film 74 has higher heat conductivity than the subrjate 71. Hcwever, 
:5 3:r.C3 tne multilayer fiim 74. is thin, the heat conductivity of the multiiayer film 7- might ce scrr.ewnat 
sr-.ailer :han that of the substrate 71 so long as the obtained multilayer film-insuiated substrate 75 r.as a neat 
ccnauctvity of at least 45 W/m«k. 

A method for forming the diamond layer 72 and the silicon carbide layer 73 is described bekjw. 
r g. a illustrates an apparatus similar to that snown in Fig. 1, used for forming the multilayer film 74 by 
<; Diasn^a CVD method, in Rg. 8, the same numerals as in Rgs. 1 and 7 indicate the same components or 
Siemens. The apparatus shown in Rg. 8 can perform mixed discharge of direct current discha.'-ge and radio 
frecuency discharge, and has a magnetic field failing at right angles with electric field. Numeral 31 is a 
reacJon chamber to which raw material gases are introduced. The reaction chamber 81 is provided therein 
win an electrode 2 and electrode 83 facing and in parallel with each other. The substrate 7! is fixed onto 
45 tr« surface of electrode 2 in contact with eiectnxJe 2 and facing electrode 83. A heater 84 for externally 
heaang the substrate is provided on the outer periphery of reaction chamber 81. The apparatus includes 
rack: frequency power source 85 from which radio frequency voltage is supplied through a matching circuit 
86, and direct current power source 87 from which direct currect voltage is suppfied through a choking coil 
3, Tne magnetic field is applied in the direction crossing the electric field at about right angles, namely in 
50 thre direction parallel to the drawing paper (in the B direction shown in Rg. 8) and in the direction 
Dercendicular to the drawing paper. The multiiayer film 74 is formed on the under surface of substrate 71 in 
: "-^ely :r. r.c sur'ace facing the electrode 83 by conducting a mixed discharge c: ZZ zii^.-ci^e 
ar.c rF discharge. 

!n general conditions for forming the' diamond layer, the flow rates of the raw materia! cases are from 
:*i .11 \i ZZ-L oCCivi n, ana irom iO ;o cij oCoiVi :or Cn* gas. Aisc, tne nr power ::zrr. u.2 :c 2 
W/crr.», the DC voltage is from -200 V to -1 kV. and the intensity of magnetic field is frorr. 200 to 800 
gausses. 
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The silicon carbide layer is formed generally under the conditions: flow rate of H, gas of 100 to 500 
SCCM. flow rate of CH. gas of 0.1 to 20 SCCM. flow rate of Sa gas of O.l to 50 SCCM which is selected so 
as to be slightly lower than the CH. flow rate. RF power of 0.1 to I W/cm'. DC voltage of -300 V to 1 5 kV 

and intensity of magnetic field of 200 tc 300 gausses. 

Sinc9 the rr.;;lti!ayer insulating fiim .s iormea oy aitemateiy deposinng the diamond and silicon carbide 
layers on a heat conductive substrate, the insulating film having high insulating property and high heat 
conductivity can be obtained even if the film area is made large. The multilayer film-insuiated substrate 
having h.gh heat conductivity according to the present invention is panicularly useful as a substrate for 
integrated circuits. 

An interlayer composed of a metal having small coefficient of thermal expansion or an amorphous 
matenal might be provided partly or wholly between the suDstrate and the insulating layer. 

In the high heat conductive insulatec substrate of the present invention shown in Rg. 9 an interlayer 92 
IS formed on at least a part of a high heat conductive metal substrate 91. and heat conduaive insulating 
layer 93 :s formea on the intermediate :ayer. 

!n this embodiment, any metal sucst^ates mace from materials generally used as metal substrates can 
be usee without restriction so iong as t.ney nave a neat co.ncuctivity of at east 50 W/m.K. e.g. Cu Cu allov 
At and A I alloy such as At -Si alloy. 

T^.e expression "providing an imer.ayer on at least a part of a substrate" or similar expression as used 
herein means that the interlayer is 'crmec in the sesirec size and snaoe or t.he oortion recui-d -c :-'m -he 
neat ccr.cuc:.v9 insulating layer en :ne mgn .lea: ccncuove metal sucr..-ate. The interlayer 92 mignt be 
formed on the entire one or both surfaces cf the meta! sijosirate. or rr^ay :e 'ormed oattemw.se on a oar: of 
the Tietai sucstrate. 

The interlayer nas the following ^»o advantages. 

Frstly. since the f^igh heat ccncuc'jve ,Tieia; .sec as a sucstrate T-.ater.ai nas a higr coefficient of 
thermal exoans.cn. the heat concuctive nsuianrg ayer s easy to C2;.'se cracks Or fissures wren the 
insulating layer, whicn has a sn-.all coefficient ct tnern-.ai exoans.cn. is formed directiv on the metal 
substrate. The interlayer serves as a suffering layer so as to orevent the insulating laver from causinn 
cracks cr fissures. 

Secondarily, the interlayer makes it possible or easy to form the insulating iayer of a material having 
high heat conductivity such as silicon cartjide. amorchcus silicon carbide, diamond or diamcnc-iikA -^r^n 
on the .-^etai suostraie. That ,s to say. the 'ormaticn of ^nsu.aiing layer is usually earned out bv clasma CVD 
method, but wnen the formation =r. :ne .--.etal sucstrate is conduced by this methoc. the surface 
temperature cf the suastrate nses by imomgement of ions or the like, tr.us the insulating film becomes 
difficult to adhere to the substrate owing to the difference :n coefficient cerween the high heat conductive 
metal suostrate and the insulating fiim. Even if the film is adhered to the substrate, it exfoliates when 
allowed to stand at room temoerature. Also, soune.^ng caused bv -cingement of icrs carticula-y 
hydrogen ions, might occur. In case cf suostrates cf Cu. Cu alloy or At wnich have high spuner rate the 
sputtering proceeds at a higher rate tnan t-e fiim ceocsiticn. thus resulting in no film formation .However 
when the interlayer is present, the problem resulting from the difference m thermal expansion coefficient 
and the oroblem resulting from scuren-^ are hare tc a.':se. trtus the mg.- ,-eat conductive insulating iaver 
can be easily fonned. ' 

As the materials used fc fcrr-.i.rg ;.-e interlayer. t.-ere are menticned, for instance, a metal having a 
thermal expansion coefficient of no: mere tnan 15 x .C-*.X. oreferabiy not more than 10 x !0-*'K at a 
temperature oetween room temperature and SOO'C. anc .an amorpnous material capable of .-elieving -he 
difference m thermal expansion between the metal sucstrate and the insulating layer, such as amorphous 
silicon compounds. These materials might be used aicne or in admixture tnereof. 

The thickness of the interlayer is from about 100 A x about 5 um. oreferabiy from about 500 A to acout 
3 urn When the thickness is less than WC A. there is a tendency that ,1 is difficult to sufficiently .-elieve the 
difference in thermal expansion. or to form the high .heat conductive insulating layer. When the thickness is 
more than 5 um, the heat conductivity of the obtained insulated substrate as a whole tends to lower by the 
influence of the thermal expansion coefficient of the interiayer. 

Representative examples of the metal material used for forming the interlayer are. for instance W Mo 
Pt. Ti. Ni. Ir, Cr, stainless steel, and the like. High me.ting metals saving 'cw sputter rate owing to hydrogen 
ions, such as f^o. W and Cr. are preferred, since tf«ey are easy to fc-m insulating layers and adhere 
strongly to metal substrates. 

The interlayer made of the metal materials as mentioned ai:ove is usually formed by soutter-ng method 
eiearon oeam evaporation method, or the like. 
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Representative examples of the aricrrhcus mate:^als -jsed for forming the interlayer are, for instance, 
amorohous silicon compounds such as a-Si. a-Si^C . a-SiyNi.«, a-Six-yC i.mNi.v. a-Six-yCf-xOuy, a-SixGei.x. 
and a-Six*y CK^Gewy (in these formulas, x ano y are valves satisfying the equations: 0.001 ^ x ^ I and 0.001 ^ 
x + y S I), other amorphous compcu.nds. and the amorphous silicon compounds "and" pth^^amorphous 

5 compounds containing at least one of hydrogen and halogens. Among them, the compounds containing at 
least one of hydrogen and halogens are preferred in points that the interlayer formed therefrom has high 
structural flexibility, it can effectively refieve the difference in thermal expansion between the metal 
substrate and the insulating layer and it has a larger adhesion than the others. 

As the reaction gas used in forming the interlayer of amorphous materials, there are mentioned, for 

10 instance, a gas of a silicon-containing compound sudh as SiH4, Si,H», SiF*. SiHjF or SiCl*; a gas of a 
hycrocarbon or halogenated hydrocartxn com.pounc such as CH*. CH., CP*. CHj, C.H, or C»H,F,; a gas of 
a nitrogen-containing compound such as NH,. N, or Nr,: a gas of a Ge-containing compound such as GeH* 
or GeF4, and other gases such as*Oj and HjO, but the gases usable in the invention are not limited thereto. 
Diluent gases such as H,. Ar and He rr.icni te usee. 

:5 A layer of an amorphous silicon ccrrcound formed by plasma CVD method wherein a mixed discharge 
zi Z'C ciscnarge 3rd RF discharge s ccr.cjctec arc 3 negative high voitage is applied to a sucstrate. is 
Danicuiariy suitable as the interlayer -vmch tre "^ich heat conductive insulating layer is formed. In 


saving a gccc neat resistance anc ceirc rare :c "€ sputtered. In case of producing sucn an amorphous 
rc siiiccn carbide, it is oreferable tc -se r';. CH.. SiH, ant CF« from a viewpoint of productivity, namely 
easiness in fcrmmg the film on only the ces:rec piace. 

Ai-r.crcrcLS siiicon carcics is jsec ^ 'zr--r.z ar. —.sriayer and a rigr rear conductive insulating layer. 
Amorohcus siiiccn carnice used for ar rteriaver cc"ta:ns oreferabiy not less than 20 atrn %'of hydrogen or 
^a:ccen atcms. and amcrphcus siiicc* carcice jsec 'cr a high heat ccnductive insulating layer contains 
Z5 creferabiy cr\'StalH2ec oarticlutates. 

Examples of materials constituting a rigr neat ccrcuctive insulating layer formed after the formation of 
an interlayer mciuce. for instance, siiiccn carcice. amcrchcus silicon carbide, diar^rrd, diamond-like 
caroon, cubic-BN. hexagonal-3N, ail zi which having ngh heat conductivity. Using at least one of these 
matanals. a high heat conductive insuiating layer can oe formed which has a thickness of about 1000 A to 
30 aoout 200 am. preferably 5000 A to :00 am, eiectric conductivity of about not more than 10"" {Q«cm)*', 
creferably ret mere than 10"'* (n«cr?)"'. and ^vithstarc /citage oi not less than 20 V/um, preferabiy^ot less 
than 40 V/um. 

Tre hicr rea: corcucti-.*^ .nsuiating saver can be -'crmec by means of ion beam method or thermal CVD 
method. But plasma CVD method is creferacle to octain a layer having targe area. Tncugh diamond or 
35 diamond-like thin film using microwave c:asma C'.^ method has been vigorously investigated. DC di- 
schiarge plasma CVD method. RF discharge olasma C*/D method or mixed plasma CVD method of DC di- 
scharge and RF discharge is preferacfe. beca-jse the rceration is simple and a film having large area can 
easily be made. The important point in form.ing a high heat conductive insulating layer is to set a substrate 
on a cathode, and to dilute raw materia! gas with -ydrcgen gas. The more preferable method is mixed 
-ic oiasma CVD method of DC discharge arc RF disc.rarge wherein magnetic field falling at right angles with 
eiecthc field is orovided on the sucrrats. Accorcirc :c this method, there can be formed a higher heat 
conductive insuia'ung iayer. In this metncc. it is a:sc ..r:p-crtant to set a substrate on a cathode and to dilute 
raw material gas with hydrogen gas. The reason why the high heat conductive insulated layer is formed in 
this method is that crystallization is widely carried act The crystallization is perfomned by generating a 
45. large amount of hydrogen radical, while controinrrg the energy distribution of electrons by appropriately 
adjusting intensity of magnetic field arxi eiectric fieki. 

From a viewpoint of obtaining a layer having higher heat conductivity, silicon carbide is more preferable 
than amorphous silicon carbide, and diamond rs more creferable than diamond-like carbon. 

Next, there is explained a methcc z: prccucing a .righ heat conductive insulated substrate wherein the 
50 above interlayer is provided. 

Fig. 10 shows an apparatus like in Rg. ! used in piasma CVD method. In Rg. 10. the same numeral as in 
Rg. I shows the same components etements as in =^c. I. !n Rg. 10, Cu or At substrate ! cf 0.2 of 5 mm 
thick is set on the side of a cathode cf the apoaratus. Amorphous silicon carbide of about 3000 A to 2 am 
thicic is deposited on the substrate I write introcudng a mixed reaction gas from a gas inlet 4 by means of 
55 mixed plasma CVD method of DC discnarge and RF clscharge under the following conditions. 
Reaction gas : K, 50 to 200 SCGM 
SiH* 10 to 50 SCCM 
CH4 to to 50 SCCM 
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Pressure in the reaction chamber: 0.1 to S Torr 

DC voltage : -100 V to -2 kV ' 
DC current : 0.!4 to 10 mA/cm' V 
5 RF power : 10 to 500 mW/cm' 

DC voltage is applied to electrodes 2 and 22 through a radio frequency choking coil 3 from DC power 
source 21. 

The adhesive strength and surface Vickers hardness of the deposited film are 20 to 100 kg/cm' and 1000 
to 3000, respectively. 1 to 30 atm % of hydrogen is contained in the film. The film has structural flexibility. 
70 Next, silicon carbide layer of 5000 A to 30 urn thick as a high heat conductive insulating layer is formed 
on the interlayer using almost the same apparatus as in Fig, 10. wherein magnetic field falling at right angles 
with electric field is provided on the cathode, by generating mixed discharge of DC discharge and RF di- 
scharge. 

The production conditions are as follows: 
T5 Reaction gas : H, 50 to 200 SCCM 
CH* 5 to 30 SCCM 
SiH4 10 to BO SCCM 

Pressure in the reaction chamber : 0.1 to 10 Torr 
2C Intensity of magnetic field : 100 to 1000 gausses 

DC voltage : -150 V to -I kV 

DC current : 0,5 to 15 mA/cm' 
, RF power : 50 to 1000 mW/cm' 

Substrate temperature: 200 to 800 'C 
25 Deposition velocity : 1 to 15 A/sec 

The greater part of the obtained film is formed to have generally crystallization type of i-SiC. as a 

result of X-ray diffraction analysis methcxl. Funher. as a result of IR spectrum analysis, a very small amount 

of hydrogen is found to exist in the film (i.e. small absorption is found in the stretching moce cf C-H anc Si- 

H). . 

30 !n order to form silicon carbide having high heat conductivity, it is important to promote crystallization, 
to dilute raw matenal gas with H, and to adjust energy distrrbution of electrons by means of three 
parameters of magnetic field, electric field and pressure in the-reaction chamber. 

The heat conductivity of the obtained substrate is 0.35 to 0.90 cai;cm«sec»*C around room temperature 
in case of using a Cu substrate as a metal substrate, of which vaKie is greatty influenced by the thickness 

35 and crystallization of the insulating film. It does not lower even when the temperature is msed to around 
100 'C. The surface Vickers hardness is 2000 to 3500 of which value is almost equal to tnat of single 
crystalline ;3-SiC. Further, the elearical conductivity and withstand voltage are not more than K)"*' (Q»cm)"' 
and 50 to 200 V/am, respectively. The exfoliation of interlayer or silicon cart^de layer from Cu substrate is 
not at all observed after one thousand of heat cycles wherein one cycle comprises keeping a substrate at - 

40 55 "C for 30 minutes and at 150 "C for 30 minutes. The adhesive strength is 20 to 100 kg/cm\ of which value 
does not change even after the test is carried out The exfoliaticn is generated between the interlayer anc 
metal substrate, not between the interlayer and insulating layer. The insulated substrate is aiso suitable for a 
substrate for thin film circuit, since the surface roughness thereof (average roughness atortg-center line) is 
not more than 0.1 am. 

45 The insulated substrate havirig amorphous silicon carbide layer as an intertayer is explained hereir>- 

before. Almost the same results can be obtained in case of using such metal as Mo and W as an intertayer. 
For example, a metal having low coefficient of thermal expansion such as Mo is vacuum evaporated on 

a Cu substrate by means of electron beam vacuum evaporation plating method at a velocity of I to 5 A/sec. 

thereafter the substrate whereon the metal is vacuum evaporated is set in an apparatus as shown in Rg. K). 
50 In that case. like in forming silicon cartMde, there is preferably provided magnetic field falGng at right angles 

with electric field on the substrate which was set on a cathode. A film of I to 100 am thick is formed by 

means of mixed discharge of DC discharge and RF discharge under the following conditions. Tne subsa-ate ^ 

is preferably kept at 300 to 800*C. 

Reaction gas : CH4 1 to 5 SCCM 
55 CFJto2SCCM 

H, 100 to 300 SCCM 


Pressure in the reaction chamber : OJ to 15 Torr 


r 
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Intensity of magnetic field : KX) to KXX) gausses 
DC voltage ; -150 to -i kV 

DC current : i to 30 mA/cm^ 

RF power : 200 to 2000 mW-cm' 

5 Deposition velocity : O.I to 5 A/sec 

The surface Vickers hardness ci tne obtained film is very large, i.e. 6000 to 3000 of which value is 

almost equal to that of natural diamond. As a result of IR spectrum analysis, the existence of hydrogen is 

not observed. It is found by transmission electron diffraction (TED) that a ring con-esocnding to (III) and - 

(220) of diamond is produced. The obtained film is such a film as comprises so-called diamond-like carbon. 
:o in order to form a film having properties approximate to those of diamond like in the above formation of 

silicon carbide layer, it is important tc adjust energy distribution of electrons by means of three parameters 

of magnetic field, electric field and pressure in the reaction chamber. 

The cifferer;: prccjction conciticns from those in forming the above silicon carbide layer are that higher 

RF oower. DC vcitage. DC current anc pressure in the reaction cnamber are employed in forming a metal 
:5 layer. 

The heat ccr.cuctivity of :r.e 3oCs::a:e .n case ci -sirg a Cj substrate as netai sucstrate is 0.5 to O.S 
cal/cm»sec«*C around rccm :emperafjre. and it does not lower even when the temperature is raised up to 
around :00**C. The surface '/=CKers -arcr.ess is 3000 to 8000. The electrical ccncucnvity and withstand 
voltage are net more than !C"'* (G«c.*-ir' anc 40 to 300 V/um. respectively. The exfoliation is not observed 
20 in the heat cycle test. The achesive strengrn is 20 to iOO kg^cm^ cf which" value is the same as that before 
the test 

The surface Viewers harcress c: *„"e sucstrate cf tr.e present invention orccucec :n such a manner as 
■ aescricec ac-cve .s creferac.y nc: • ess tnar 500, rr.tzre preferacty not iess :nan ;500. Fuaher, the heat 
conduaivity of the high neat ccncuctive insulated substrate is not less than 02 cal/cm»sec»'C. more 

zs preferably not iess than 0.35 cai/cm»sec»"C of which value is aooroximate to that of metal substrate having 
high heat conductivity, because the tnicxness of the interlayer and heat conducive insulating layer is small 
and the heat conductivity cf the heat conductive insulating layer is high. The coeffident of thermal 
expansion of heat conductive insulating layer is almost equal tc that of silicon, in case that the insulating 
layer is composed cf silicon carton, amorphous silicon carbice. diamond, diamond-like carbon, cubic-BN. 

30 hexagonal-BN. and the like, whereby the properties of devices, are not deteriorated by the difference of 
coefficient of thermal expar:sion. There can be obtained heat conductive insulating layer having superior 
surface smoothness when the !ayer is produced by means of ciasma CVD method. 

. !n the high heat conductive insulate<i substrate, there are formed a specific interiayer on metal substrate 
having high heat conductivity anc trsereafter heat conductive insulating layer cn the interiayer. Therefore. 

35 the heat conductive insuiating layer is staoiy and firmiy attached tc the metal substrate. The substrate of the 
present inventicn is oreferaciy used ''C'" eiecrronic pars such as hybrid IC substrate, since the substrate of 
*Jie present invention has high heat cor.ductivity, insulating property and hardness. 

Further, in accordance with the above method, there can be obtained substrates of the present 
invention having above-mentioned interiayers can be produced on industrial scale. 

40 Next, there are explained Exam.cies and Comparative examoies of the present invention. Examples I to 
5 correspond to Claim 2 and Claim.s depending thereon. Examoies 6 to 13 and Comparative Example I 
ccrresocnd :c Z\^^rr^ 2 arc Caims cscencing iherecn. Examcies A to 20 anc Ccn".cara:ive Examoies 2 to 5 
correspond to Claim 6 and Claims depending thereon, examples 21 to 24 correspond tc Claim 7 and Claims 
depending thereon, and Examples 25 x 29 correspond to Claim. 8 and Claims depenclng thereon. 

Examples I to 2 

SiC film was formed on single crystalline silicon using plasma CVD apparatus as shown in Fig. I. 
50 Silicon substrate I of ICQ x iOO x 0^ mm was set on the side of RF closing electrode 2 as shown in Fig. 
I. DC voltage was applied through a rack) frequency choking coil 3. Magnetic field B was provided near the 
substrate in such a direction faJRrig at right angles with a direction of electric field, that is. parallel to the 
surface of the silicon subsyate. Tne ..•".:ers;ry or magnenc fieic was iOO to 500 gausses, in tnis apparatus, 
the substrate was heated up to 200 tc SOO^C and there was carried out mixed discharge of DC discharge 
£5 and RF discharge to obtain a sinccn carbide film of about 3 to 5 am thick under the foltowing conditions. 
Reaction gas (flown from a gas inlet 4) : H, 100 to 200 SCCM 
CH* 20 to 80 SCCM 
SiH* 10 to 60 SCCM 
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RF power : 100 to 300W (MO to 420 mW/cm») 
DC voltage : -150 to -400 V 

Pressure in the reaction chamber: 0.3 to 5 Terr ~ *^ 

5 Reaction time : about t hour 

The obtained film was found to be microcrystailine j9-SiC as a result of X-ray diffraction analysis. 
Further, as a result of IR measurement it was found that there existed hydrogen connected to carbon and 
silicon in the fiim. The hydrogen content in the film was I to 15 atm %. 

The characteristics of the obtained films are summarized in Table I. In Table I, the thickness of films are 
10 about 5 um. and the carbon content in the films are 40 atm % or 60 atm %. 

The characteristics vaned depending on the silicon content and carbon content.- In general, the 
hardness increased and heat conductivity decreased when the carbon content was more than 50 atm %. 

The reason why the obtained insulated substrate has smaller dielectric constant in comparison with high 
heat conductive SiC obtained by means of conventional sintering operation is considered that SiC consists 
?5 of both hydrogen-containing amorphous silicon carbide and crystalline SiC. and not of perfect crystal or 
polycrystal. accordingly the dielectric constant is recuced by hydrogen-containing amorphous portion and 
the heat conductivity is increased by crystalline Dorticn. 


20 Examoie 3 

An :rsLiated substrate was Tiace n :he sane .T.anner as in Examoie 1 using a conventional RF plasma 
CVO aocaratus having neither magnetic field nor DC power. The obtained film was amorphous. The 
charactenstics of the fiin containing 40 atm % of carbon are shown in Table I. The obtained film had 
25 supencr insulating property and heat conductivity of 50 to 90 W/m«k. 


Example ^ 

30 A diamcna-like caroon film of aoout 3 to 5 am thick was obtained using the same apparatus as in 
Examcie : *jnaer the following conditions. Intensity of magnetic field (B) : 300 to 1000 gausses 
Substrate temperature: 250 to 350 'C 
Reaction gas ; H- 100 to 300 SCCM 
CH. t to ;0 SCCM 

RF power . 'CO to ^0 W 
(140 to 560 mW/cm') 

DC voltage : -200 to -600 V 
40 Pressure in the reation chamber : 0.! to 20 Terr 
Reaction time : 2 hours 

The experimental conditions of Example 4 differ from those of Example I in the points that RF power 
and DC voltage in Example 4 are higher than those in Example 1, and CK is dilluted with H, to not more 
than K) % by volume in Example 4. The surface V^cxe-s hardness of the obtained fiim was 6000 to 8000. of 
46 which vaiue was approximate to that of natural diamond. As a result of TED (Transmission Electron 
Diffraction) analysis, the generation of diamond particles was observed. The characteristics of obtained films 
varied depending on the production conditions. The characteristics of a film of 5 um thick obtained by using 
methane of relatively low concentration (i.e. not more than 5 % by volume) are shown in Table I. The 
adhesive rirength was sm.ai! (i.e. 20 to 50 kg-cm^. 

50 

Example 5 

A diamcnc-iike caroon fiim was made under the same condition as in Example 4 except that 0.1 to 7 %\ 
55 by weight of siiane gas or O.I to 5 % by volume of hydrogenated germanium gas was added to methane 
gas. 

The characteristics of the film obtained by adding 0.5 % by volume of siiane gas to methane gas are 
shown in Table !. 
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As a resutt of ESCA measurement I atm % of siScon was observed in the film. 

The internal stress of tfie obtained diamond-like cartxxi film containing a very small amount of silicon 
was very small. The adhesive strength was several times larger than a film which does not contain sHicon, 
and further the electric insulation property was improved. ~ " . * 
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E^rnpte 8 0 and Comparative Example I 

Through holes of 0.5 mm0 were made on single crystalline Si substrate of 0.5 mm thick. After being 

trimmed and grinded, the substrate was put in a plasma CVD apparatus. The substrate was set on the side 
5 of RF electrode and then plasma oxidation was preformed by RF (Radio Frequency) of 13.56 mFTz under the 

following conditions, while introducing 0, of 0.1 Torr into the apparatus. 

DC voltage : -100 V 

RF power : 0.1 W/cm' 

Reaction temperature: Room temperature 
70 The thickness of the oxidized layer was measured by means of SIMS. 

Next the substrate was heated up to 200 'C and a-SiC having Eg of 2.5 eV was deposited thereon 

using BF under the following conditions. 

Reaction gas ; SiH» and CH« 

DC vottage : -50 V 
rs Press-jre in the reaction chamber: 0.5 Torr 

RF Dower : 0.1 W/cm' 

The neat conductivity of the obtained substrate was measured by laser flash method. The electric 
ccnducrvfty was measurec in a surface direction of a-SiC whereon At electroces were provided parallel to 
each other, and in a direction of the thickness of a-SiC. namely in a direction vertical to the surface of the 


The thermal resistance was evaluated by observing the change of a-SiC film after reoeatedly raising the 
temoercu;re thereof three times up to 500 °C. 

The results are summarized in Table 2. In Table 2. A means "excellent-, S- -means "good" and C 
means 'oocr". 
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Examoie 14 and Comparative Exan^plg j 

A substrate 3 made of stainless steel was set in a plasma CVD apparatus as shown in Hg. II to deposite 
a film of 10000 A thick on the substrate 3 under the following conditions. Reaction gas : CH4 40 SCCM 
H, 200 SCCM 
SiH* 0^ SCCM 

Pressure in the reaction chamber : ! Torr 
DC voltage : -500 V 
RF Power : iOO mW/cm' 
Substrate temperature: 350* C 

In Rg. IL numeral 32 is an electrode, numeral 33 is DC power and numeral 34 is a RF choking coil. The 
Vicxers hardness and adhesive strength of tre ceposited film were about 6000 and about 50 kg/cm^ 
resoectively. 2 atm % of silicon was found tc be contained in the film according to ESCA measurement. 
The electrical resistivity cf the film was more than :0''Q«cm and the coefficient of friction thereof was 0.2. 
The :1im was not exforiated by one huncred c: r.eat cycles from room temperature to 300 **C after leaving 
the film for one month. 

On the other hand, a nim (Comparative Exar:cie 2) obtained by the same method as in Example 14 
excsc: that siiane gas was not used extcratec jus: after taking the obtained film out, or after leaving it for 
one to three days. 


Examoie !5 and Comoarative Examoie 3 - • 

A hard carbon film was produced using the same apparatus as shown in Fig. 11. A substrate made of 
At -Si was set in the apoaratus in the same manner as in the substrate made of stainless steel. A film was 
deposited under the follcwing ccnciticns. 
Reacton gas : CH, 40 SCCM 

H, :00 SCCM 

SiH. O.i SCCM 

Pressure in the reaction chamber I Ton- 
DC vciaiage : -200 tc - kV 

A film was obtained ty the same condition as described above except that RF of 100 mW/cm^ was 
further apolied to the substrate. 

r^g. 2 shows the relationship cf surface Vicke^s hardness of the obtained films and applied voltage, and 
further the relationship in case of applying RF power. The surface hardness increases with the increase of 
applied voltage till about -800 V, but is nkeiy to saturate when appUed voltage exceeds about -800 V. The 
content of silicon in the film was found tc abcut 2 atm % regardless of the value of applied voltage by 
ESCA measurement The adhesive strength cf the films are shown in Rg. 3. 

On the other hand, a film. (Comparative Examcie 3) obtained by the same method as in Example 14 
except that siiane gas was not used exforiated :us: after taking out the obtained film, or after leaving it for 
one tc sever, days. 


A hard carbon film was produced using a substrate made, of stainless steel in the same apparatus as in 
Rg, 11. The used apparatus can further provide, on the substrate surface, magnetic field which fails at right 
angles with electric field. The conditions of producmg a film were as follows: 
Intensity of magnetic field : 200 gauss 
Reaction gas : CH* 40 SCCM 

H,200SCCM 

SiK 0.2 SCCM 


55 


V.., . tj$A.r<» in 991 sai ^ 


{$^r5^ 10 221 531^ 

t t ... 

Substrate tamparature: 3S0*C 
OC vottage : -250 V 
RF power : NX) mW/cm' 

Pressure if) the reaction chamber : I Torr - - - 

5 The deposition velocity of the fijm was 10 A/sec. and tf)e thickness thereof was 10000 A. oiasma having 

high density can be generated at low appliea voltage aue to the existence of magnetic fieic wnrcn fails at 

right ar>gtes with electric field when using the above apparatus, 

2 atm % of silicon was contained in the obtained film, and the surface Vickers hardness, adhesive 

strength, electrical resistivity and coefficient of fricticn were 7000, 90 kg^'crr.', IO'*Q«cm and 020. respec- 
70 lively. The exfoliation was not observed by one thousand of heat cycles from -60*C to 300*C. 


Example 17 and Comparative Example 4 

T5 A suDStrate 31 made of stainless steel was set in a plasma CVD apparatus as shown in Fig. :i to 
aeposite a film of 3 am thick on the substrate 3i under the following conditions. 
Reaction gas : CH. 40 SCCM 

H, 200 SCCM 

GeH. 3.2 SCCM 

2C 

r'es3-;= r :r.s :aac;;cr. cnamoer : i Torr 
DC vcttage : -500 V 

-RF power : iOO .TiW/'em' ' > . . , 

SutDstrate temperature: 350 "C 

2S The ceoosition velocity was 2 A/sec. The Vickers nardness and adhesive strength of the ootajnec fiin 
were aoou: 5000 and 50 kg/cm\ respectively. 1.5 atm % of Ge was contained in the film. Further. :ne 
eiectricai resistivity and coefficient of friction of the film were more than IO**Q«cm and 0.2. respectively. The 
lim c'ic "ic: exfoliate Dy one thousand of heat cycles after the film was teft :cr one month, wherein one nea: 
cycle ccmonses keeping the film at -55'C for 30 minutes and at 200'C for 30 minutes. 

X On the ott>er hand, a film (Comparative Exampie 4) obtained by the same method as in Examoie rr 
except that GeH, was not used exforiated just after taking the obtained film out or after leaving it fcr cne to 
three days. 


35 Exampie '8 and Comparative Exampie 5 

A film cf 2 am thick was produced on a substrate made of stainless steef using the same apparatus as 
in Fig. !! wnic.*i can further provide, on the substrate surface, magnetic field falling at nght angles wnr- 
eiectric Seid, under the following conditions. 
40 Reaction gas : CH, 10 SCCM 
H, 200 SCCM 
GeH. 0.05 SCCM 

Pressure in the reaction chamber : I Torr 
< DC vortage : -400 V 

RF power : 100 mW/cm' 

Intensity of nriagnic field : 400 gausses 

substrate temperature: 300*C 

The depsition velocity was 3 A/sec. 
50 The Vickers hardness, adhesive strength, electrical resistivity and coefficient of friction of the fifm were 

8000 (of which value is almost equal to that of natural diamond). 40 kg/cm' , more than fO'^vcm arxj 0^ 

respectivefy. 2 atm % of Ge was contained in the film. The film did net exfoiiaie by one thousarw: of hear 

cycles like in Example 17. 

The adhesk^n of fiim onto the substrate was not observed when carrying out the discharge excluding 
S5 GeH* frorr the above reaction gas. From this fact, it can be conjectured that Ge plays an important rc*e in 
the growth of core. 


A hard cartxjn film was produced using a substrate made of stainless steel in the same apparatus as in 
Ftg. 11. The used apparatus can further provide, on the substrate surface, magnetic fretd which fails at right 
5 angles with electric field. The conditions of producing a film were as follows: 
Intensty of magnetic fieio : 200 gausses 
Reaction gas : ChU 20 SCCM 
H, 200 SCCM 
SnH4 0.1 SCCM 

70 

Substrate temperature: 350* C 
DC voitage : -280 V 
RF power : 50 mW/cm' 
Pressure in the reaction chamber : i Torr 
75 The deposition veicdty of the film was 7 A/sec. 

T^ie obtained film contained 2 atm % of Sn and the surface Vickers hardness, adhes-ve rirength and 
electrical resistivity of the film were 6000, 80 kg/cm* and more than IO"Q»cm. respectively. The film did not 
exfoliate by one thousand of neat cycies iike in Example 17, 

20 ■ 

Exarrcie 20 

. , . A hard-cartx)n film of -l -om thick was produced using a substrate made of stainless steel in the same 

apparatus as in Rg. !1 under the following conditions. 
25 Pressure in the reaction chamoer : 1 Torr 

Substrate temperature: 350*C 

RF power : 100 mW/cm^ 

DC voltage : -500 V 

Reaction gas : CK 40 SCCM 
30 H, 200 SCCM 

StH, /flew rate are srcwr ""arse 3^ 


Table 3 


Nc. a 

*^ 


d 

e 


Flow rate of 
SiH4 0.05 
(SCCM) 

0.1 

0.2 

0.3 

1 

5 

Si content 
in the film C.5 
(atm %) 

1 

2 

4 

8 

' A 
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The relationships of silicon content in the obtained film and Vickers hardness, adhesive strength and 
intemaJ stress are shown In Rg. 4 to 6, respectively. 
50 A film containing no sificon was produced in the same manner as descrit)ed ^X3ve. but it was 
impossible to evaluate the properties of the film because it exfoliated from the substrate made of stainless 
steels 
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70 


30 


40 
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Example 21 to 24 


Diamond and/or diamond^ike cartxxi layer 72 of 60 A thick was formed under the following conditions. 
Discharging time : 60 seconds ~ ' . • 

Row rate of H, : 20 SCCM ^ 
Flow rate of CH« : 2 SCCM 
RF power : rw/cm' 
DC voltage : -300 V 
intensity of magnetic field : 700 gauss 

Discharge was stopped for a moment after the diamond and/or diamond-like carbon layer 72 was 
formed. 

Next, silicon cart)ide layer 73 of 20 A mick was formed under the following conditions. 

Discharging time : 15 seconds 

Row rate of H, : 200 SCCM 
75 Flow rate cf CK ; I SCCM 

Row rate of SiH* : 2 SCCM 

RF power : 0.3 W/cm' 

DC voltage : -400 V 

Intensity of magnetic field : 700 gauss 
20 Tne accve two kinds of discnargir^ coerauon were repeated in order to make poiylayer film of Example 

23 in Table 4. Other Examples in Tat:ie 4 were ootained by the same conditions as in Example 23 except 

discharging time was cnanged. Table 4 srcws the composition thereof. 

Table 5 shows the characteristics ci rctyiayer films of Exmaples 2! to 24 showr :r •able 4. 
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In Rg. 12 there are shown dtelectric breakdown vottage of polyiayer fitms A. 5 and C obtained by 
forming fifteen iayers. seventy seven layers and one hundred and twenty five layers comprising diamond 
and/or diamond-fike carbon in the same conditions as in Examples 25 to 23 respective, and fcfming fifteen 
55 layers, seventy seven layers arid one hundred and twenty five iayers of siBcon cartjide. 
The total tfw:kness of these poiylayer films A, B and £ about I urn. 


^ P 
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As an apparatus of making films, there can be employed not only a plasma CVD apparatus shown in 

Fg. 8 comprising ore ''eaction chamber, but also an apparatus wherein the substrate is movable, and 
diamond and/or cfiamond-like carbon films and silicon cart»de films are fonmed in separate reaction 
chambers- _ . , 

5 The dielectric beBakdown voltage was measured by vacuum evaporating A I electrodes of 4 cm in 
diameter (i.e. 13 cm' in area) on each film and applying a voltage thereto. 

As is clear from Fig, 12. each polylayer film (A, B and C) has sufficient insulation property, though the 
area thereof are large O cm*). 

In Rg. 12, there is further shown a dielectric breakdown voltage of diamond and/or diamond-like carbon 
70 film D of I um thick produced by a conventional method. 

The dielectric troakdown voltage can be increased by polylayer films, because the dielectric break- 
down voltage is determined by such a portion that has the poorest dielectric strength and therefore, in a 
conventional film, tte dielectric strength is lowered due to the existence of graphited portion though the 
amount thereof is very iinle. 


75 


Examote 25 


Cu substrate cf i mm thick was set on the side of a cariode of the apparatus as shown in Fig. 10. 
20 Amoroncus silicon carbide of about 1 uxr\ thick was deposited by means of mixed plasma CVD method of 
DC discharge and RF discharge, while introducing a mixed gas of H,, SiH, and CH, from a gas inlet 4 under 
the following conditicns. 
Reacson gas : H, •€€ SCCM 
SiH* 30 SCCM 
. 25 CH. 3G SCCM 

Pressure in the reaction chamber: LO Torr 

DC vcttage : -600 V 

DC current : 5 mA/cm* 
30 RF power : 50 mW/cm' 

DC vottage was apcfied to electrodes 2, 22 by DC power 21 through a radio frequency choking coil 3. 

The adhesive strength and surface Vickers hardness were 50 kg/cm^ and 1500. respectively. Further, 18 

atrn % of hydrogen was contained in the film. The film has strjctural flexibility. Next, on the interlayer. there 

is fcrmec a silicon zaroiae layer as a heat conductive msuiating layer using an apparatus almost the same 
35 apparatus as shcwr "n F^g. 10, wherein magnetic field was provided in a direction perpendicular to electric 

field on the cathcce wherecn the substrate was set. Mixed discharge of DC discharge and RF discharge 

was employed. The crocuction conditions were as follows: 

Reaction gas : I5C SCCM 
Cl-U 20 SCCM 
^ SiH* 30 SCCM 

Pressure :n the reacrcn cnanber : LO Torr 
intensiry of magnetic f>ek3 : 600 gausses 
DC /citage : -400 V 
^ DC current : 7 mA/cm* 
RF power : 500 mW/on' 
Substrate temperauire: 300*C 

The deposition veiodty was 5 A/sec and the thickness of the layer was 5 um. 

As a result of X-ray diffraction analysis method, the film produced under the above-mentioned 
50 corKfitkjns was found 50 have a crystalRzation type of 5-SiC. 

The heat concuctrvity of the film was 0.70 cal/cm«sec»*C around room temperature, and it did not 
tower ;*n -vas aimcs: r^e same value as in room temperature) even when the temperature was raised up to 
' around WC. The swface Vickers hardness was 3200 of which value was almost equal to that of single 
cr/stajfine 5-SiC. Furtner, the electrical conductivity and withstand voltage were not more than 10"'* (Q» 
zrr.r ar.c not less r^ar. ; '<V. respectively. The exfoliation cf interlayer or silicon carbide layer from Cu 
substrate was not at all observed after one thousand of heat cycles wherein one cycle comprised keeping 
the siistrate at -55*C for 30 minutes and at ISO'C fw 30 minutes. The adhesvie strength was 50 kg/cm», of 
which value was the same as that before the test The exfofiation was generated between the interlayer and 
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metal substrate, not between the interlayer and insulating layer. The insulated substrate was also suitable 
for a substrate for thin film circuit, since the surface roughness thereof (average roughness along center 
line) was not more than 0.1 um. 


Mo layer of 1000 A thick was deposited on Al substrate of ! mm thick by means of E3 vacuum 
evaporation plating method at room temperature. The deposition velocity was about i A/sec. 
70 Next, on the interlayer. there is formed a silicon cartside layer as a heat conductive insulating layer 
using an apparatus almost the same as shown in Rg. 10, wherein magnetic field was provided in a direction 
perpendicular to electric field on an cathode whereon the substrate was set. Mixed discharge of DC di- 
scharge and RF discharge was employed. The production conditions were as follows: 
Reaction gas : H, 150 SCCM 
75 CK 20 SCCM 
SiH. 30 SCCM 

Pressure m tne reaction chamoer : i.5 Torr 

Intensity of magnetic field : 500 gausses 
20 DC voltage : -300 V 

DC current : 7 mA/cm' 

RF power ; 500 mW-crr/ 

SuDStrate temperature: 200*C 

The deccsition veiocitv was 4 i;sec a-^^ thickress z* '^e ave- was 5 
25 As a result of X-ray ciftraction aniysis method, the oroouced 'iim was found to have a crystallization 

type of 4-SiC. A very small amount of nycrogen was found to exist :n tne film, as a result of IR spectrum 

analysis (i.e. small absorption was found in the stretching modes of C-H and Si-H). 

The heat conducJvity of the film was 0.40 cal/cm«sec»*C around room temperature, and ;t uid not 

lower (it was almost the same value as in room temperature) even when the temperature was raised up to 
30 around i00*C. The surface Vickers hardness was 3200 of which value was auncst equal to that of single 

crystalline i-SiC. Fuoher. the eiectncai conoucjvity anc wimstanc vcrtage were net more tnan :Q-''* (C«cm)- 
and net less than I kV. resoectively. The exfoliation of interiayer or silicon carbide layer from Cu substrate 

was not at all observed after one thousand of neat cycles wherein one cycle comprised keeping a substrate 

at -55 'C for 30 minutes and at 150 'C for 30 minutes. The adhesvie strength was 100 kg/cm-, cf which value 
35 was the same as that before the test The exfoliation was generated between the interayer and metal 

substrate, not between the interlayer and insulating layer. The insulated substrate was also suitable tor a 

substrate for thin film circuit, since the surface roughness thereof (average rougnness along center line) was 

not more than 0.1 um. 

In the above Exampoes 25 and 26, amorphous silicon carbide arnS Mo were employed as an interlayer. 
40 However, almost the same results can be obtained in case of using such a metal as Pt n. Cr. Ni or W as 
an interlayer. 


Mo layer of 1000 A thick was vacuum evaporated on Cu substrate by means of EB vacuum evaporation 
plating method. The substrate was set in the same apparatus as shown in Fig. ». In that case, there was 
provided magnetic field failing at right angles with electric field on the substrate whicn was set on a 
. cathode. A film was deposited on the substrate by means cf a mixed discharge cf DC discharge and RF di- 
50 scharge. while heating the substrate from the outside of a reaction chamber. 
The production conditions were as follows: 
Reaction gas : CH. 2 SCCM 
H, 200 SCCM 

55 Pressure in the reactive chamtjer : 5 Ton- 
Intensity of magnetic field : 600 gausses 


s 


Example 26 


Example 27 
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DC voltage : *280 V 
DC current : 10 mAton* 
RF power : 200 mW/cm' 

Substrate temperature: 400 ~ \ 
'■-.a zezzs.:>zr. .e.cc::y anc ;r..c.-<r.e£s or me cc:air.ec :lim were • Asec ar.a 5 um, respectively. 
The surface Vickers hardness or the obtained film was very large, i.e. 7500 of which value was almost 
equal to that cf natural diamond. As a result of IR spectrum analysis, the existence of hydrogen was not 
observed. It was found by transmission electron diffraction (TED) that a ring corresponding to (III) and (220) 
of diamond was produced. The obtained film was a film comprising so-called diamond-like carbon. 
0 Tne heat conductivity of the film was 0.75 cal/cm«sec»*C around room temperature, and it did not 
lower even when the temperature was raised up to around 100 'C. The etectricai comductivity and withstand 
voltage were about 10"(Q«cm)-* and 700 V. respectively. The exfoRation was not observed in the heat cycle 
tes*i. The adhesive strength was iOO kg/cm^ of which value was the same as that before the test. 

5 

Exarrci'e 28 

Cj substrate, whereon amorpnous siiicon caroiae layer of 5000 A tnick was formed as an interlayer like 
in Example 25. was. set in the same apparatus as shown in Rg. K). In that case, there was provided 
zo mangetic field failing at right angles with electric fieid on the substrate which was set on a cathode. A film of 
5 urn thick was formed by means of a mixed discharge of DC discharge and RF discharge under the 
•cllcwing ccrditiors. while heating the substrate from the outside cf a reaction chamber. 
Reaction gas : CH, 3 SCCM 
CFi ! SCCM 
.-5 r-7 200 5CCm 

Pressure in the reaction chamber : 7 Torr 

Intensity of magnetic field : 700 gausses 
voltage : -300 V 
:q DC current : iS mA,cm^ 

RF power : 250 mW/cm^ 

Deposition vekx:jty : 3 A/sec 

Substrate temperature: 400 'C 

Tne surface Vickers nardness of the obtained fiim was very large, i.e. 8000 of which value was almost 
35 equal to that of natural diamond. As a result of IR spectrum analysis, the existence of hydrogen was not 

observed, it was fcund by transrr.ission eiectron diffraction (TED) that a ring corresponding to (111) and (220) 

of ciamcnd was produced. The cotamed film was a film comprising so-called diamond-like carbon. 

Tne heat ccnductivi^/ cf the fiim was 0.75 cai/cm^sec-^C around room temperature, and it did not 

k5wer even when the temperature was raised up to around 100*C. The electrical comductivity and withstand 
40 voltage were aoout 10'* (Q»cm)-' and about not less than I kV, respectively. The exfoliation was not 

obser^ec in the heat cycie test. Tne adhesive strength was 100 kg;cm^ cf which value was the same as that 

before the test. 


45 Sxamole 29 

Al substrate, whereon Mo layer of 1000 A thick was formed as an interlayer like in Example 26. was set 
in the same apparatus as shown in Rg. 10. in that case, there was provided mangetic field falling at right' 
angles with electric fiekJ on the substrate which was set on a cathode. -A film of 5 am thick was formed by 
50 mearis of a mixed discharge of DC discharge and RF discharge, while heating the substrate from the 
outside of a reaction chamber under the following ccnd'rticns. 

H, 200 SCCM 

£5 Pressure in the reaction chamber : 5 Torr 
Intensity of magnetic field : 700 gausses 
OCvoHag8:-2S0V 
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DC current : K) mA^' 
RF power : 200 mW/cm' 
Deposition velocity : I A/sec 

Substrate temperature: 300 'C - ■ - 

The surface Vickers hardness of the obtained film was very large, i.e. 7000. As a result of IR spectrum 
analysis, the existence of hydrogen was not observed. It was found by transmission electron diffraction - 
{TED) that a nng corresponding to (III) and (220) of diamond was produced. The obtained film was a film 
composing so-called diamond-iil<e carbon. 

The heat conductivity of the film was .0.45 cal/cm.sec.'C around room temperature, and it did not 
lower even when the temperature was raised up to around lOO'C. The electrical comductivity and withstand 
voltage were about 10" (Qcm)- and about I kV. respectively. The exfoliation was not obsen^ed in the heat 
cycle test. The adhesive strength was 100 kg/cm' of which value was the same as that before the test 
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's Claims 

A high neat concuctive insulated substrate comprising a substrate of which heat conductivity is not 
■ess t.-^an 50 W.-ri.k. anc a nigh heat conductive insulating layer coated on the substrate 
2. The insulated substrate of Claim I. wherein the-substrate comprises crystalline silicon. 
2r 3. The insulated sut:straje of Cia.m i. wnerein the suostrate comprises nitrateo or oxicized c-vstaiiine 
Silicon. 

4. The :ns-;a:ec suostraie of Claim I, wherein the suostrate comprises metal 
^ 5. The insulated substrate of Claim 4. wherein the metai is Cu. Cu arrcy. At. At arroy. W W arroy Zn 
^.n arroy. Ni- or stainless steel. ? . . 

JS 3. The ins;jiaiec sucstrate ot any one of Claims 4 to 5. wnerein the insulating layer comcnses hare 
cart:on containing 0.01 to 20 atm % of elements of group IVA and • deposited on the metai substrate by 
means of a method using plasma or ion. 

7. The insulated substrate of Claim I. wherein the insulating layer comprises a multilayer film wherein a 
layer of dianomo and/or diamond-like carbon and a layer of silicon carbide are accumulated in turn. 
^ 8. The insulated substrate of Claim I. wherein an interlayer comprising metai or amoranous material 
..aving smaJI coefficient of thennai expansion is provided at least on a part of the substrate, and thereon the 
insulating layer is fomned. 

9- The insulated substrate of any one of Claims I. 2. 3 and 8. wnerein the insulating layer ccmorises one 
or .T.ore mate.nai selected from the group consisting of diamona. dianond-iike carbon, silicon caroice 
amorpnous silicon carbide, cubic boron nitride, hexagonal boron nitride, aluminum nitnde. 

■0. The insulated substrate of Claim i. wherein the insulating layer comprises a matenai whicn mainly 
comcnses at least one of silicon. Ge and carbon and might contain .hydrogen or element of haiogen group 

11. The insured substrate of any one of Claims of 7 and 9. wherein the diamond-like ca.tx)n contains 
not more than 9 atm % of at least one of silicon and germanium atom. 

12. The insulated substrate of any one of Claims 7 and 9. wherein the amorphous silicon carbide and 
diamonoHike carbon contain at least one element of hydrogen atom and elements of halogen group 

13. The insulated substrate of any one of Claims I. 2, 3. 7 and 9. wherein a thickness cf the layer of 
diamonc and/cr iiamond-like carbon is 10 A to 2000 A. 

:4. The insulated substrate of any one of Claims I. 2. 3. 7 and 9. wherein a thickness of the layer cf 
silicon caroiae is lO a to 1000 A and not less than two layers of silicon carbide are formed. 

IS. The insulated substrate of any one of Claims I. 2. 3. 7 and 9. wherein the insulating layer has an 
electrical resistivity of not less than lO'O.cm and a thermal resistance of 20 V/um 

«. The insulated substrate of any one of Claims I. Z 3. 7 and 9. wherein heat conductivity of the 
insulated substrate is not less than 50 W/m«k. 

17. The insulated substrate of any one of Claims I. 2 and .9. wherein heat conductivity of -Jie insulated 
sucstrate IS not less than 100 W/m»k. 

18. The insulated substrate of any one of Claims I. 2. 3. 6. 7 anc 8. wherein surface Vicxers haraness 
the insulated sucsa^ate is not less than 500. 

.19. The insulated substrate of any one of Claims I. 2. 3. 6. 7 and 8. wherein surface Vickers hardness cf 
55 the insulated substrate is not less than 1500. 

20. The insulated substrate of any one of Claims I to 3. wherein dielectric constant and dielectric loss at 
I MHz of the insulated substrate are not more than 20 and not more than 0.02. respectively. 
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21. The insulated substrate of Claim 3, wherein the nitrated or oxidized crystalline siUcon substrate is 
obtained by making through holes in a crystalline sificoo substrate and thereafter nitrating or oxidizing the 
substrate. 

22. Tne insulated substrate of Claim 3. wnerein the nitration or oxidization takes I5tace m the crystalline 
silicon substrate at least to a depth of 0.1 urn from a surface of the substrate. 

23. The insulated substrate of Claim 3. wnerein the nitration or oxidization takes place in the crystalline 
silicon substrate at least to a depth of 0.5 urn from a surface of the substrate. 

24. The insulated substrate of Claim 3. wherein a thickness of the insulating layer is 0.5 to 10 am. 

25. The insulated substrate of Claim 3. wherein a thickness of the insuiaied layer is I to 10 um. 

26. The insulated substrate of any one of Claims i, 2. 3. 7 and 9. wherein electrical conductivity of the 
insulating layer is not more than 10^Q"*cm"\ 

27. The insulated substrate of Claim 6. wherein the element of group IV^ is at least one element 
selected from the group consisting of Si, Ge and Sn. 

28. The insulated substrate of any one of Claims 6 and 22. wherein a thickness of the hard carbon film 
is 10 to 5000 A and a carbon film wnic^. cc net sucstantiaiiy contain an eiement of grouo IV* is formed on 
the hard carbon film. 

29. The insulated substrate of C'^aim 5. wherein the hard carbon film ccmorises dia.mond or diamond- 
like carbon. 

30. The insulated substrate of Claim 7, wherein heat conductivity of the substrate is not less than 50 
20 W/m«k and heat conductivity of the insulated substrate is '>ct less than 45 W/m»k. 

31. The insulated substrate of ary ore Claims ' arc 7. whereir siecrcal resistivity and dielectric 
breakecown voltage of the insuiating layer are not :ess than iO''^:.c:r. and not less than 100 V/LLm 

-respectively. . • 

32. The insulated substraie of Claim 3. wnerein trie silicon cartDide is single crystalline, poiycrystalline. 

25 microcp/stalline or amorphous. 

33. The insulated substrate cf Claim 8, wnerein the interiayer compnses amorphous silicon compound 
containing at least ore cf a-Si. a-Si, Cw.. a-S:, N,.«, a-Si C^^ N^y, a-SI,.y C^^ C,.y. a-SIx Ge,.x and a-Six-y 
Cu„ Gew (wherein x and y satisfy the reiaticrsnics cf 0.00!ix51 and O.OOlix * yi!). 

34. The insulated substrate of Claim 33. wherein the amorphous silicon compound contains (A) at least 
JO one cf a-Si. a-Si , C,.,. a-Six Nux. a-SIx-y C-.. Nu.. a-Sw-y 'Cx O^y. a-Six Geux and a-Six-y C.x Gsuy (wnerein 

X and y satisfy the relationships cf 0.001:U^ and 0.-3CtSx^yil). and (B) at least one of hydrogen and 
elements of halogen group. ' . . 

35. Tne insulated substrate of Cairn 8. wherein a thtcVress cf the interiayer-is !00 a :c 5 um. 

36. The insulated substrate of Claim 8, wherein a thickness of the insulating layer is 1000 A to 200 am. 
35 37. A method of producing a high heat ccrductive ins-jiated substrate craracterized in that an insulating 

layer is formed on a substrate by applying DC vcitace and RF power to the substrate and providing 
magnetic field parallel to a surface of the substrate. 

38. In a method of producing a high heat conductive insulated substrate in which at least a part of 
crystalline silicon, nitrated or oxidized sificon substrate is ccated with a high heat conductive insulating 
40 layer the improvement wherein the crystaifine silicon, nitrared or oxidized substrate is set on the side of RF 
closing electrode, RF power is applied to the electrode. ar>d magnetic field is provided parallel to a surface 
of the substrate. 
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